In this paper, we relax the control condition of convergence of SP-iteration presented by Phuengrattana and Suantai (J. Comput. Appl. Math. 235:3006-3014, 2011). We compare the rate of convergence of Mann, Ishikawa and Noor iterations from another point of view and come to a different conclusion. Finally, we provide a numerical example for Ishikawa and Noor iterations, which supports our theoretical results. MSC: 47H05; 47H07; 47H10
, and it will be denoted by SP(x  , α n , β n , γ n , f ). They presented a necessary and sufficient condition for the convergence of SP-iteration (.) of continuous functions on an arbitrary interval. They also compared the convergence speed of Mann, Ishikawa, Noor iterations and SP-iteration and concluded that SP-iteration is better than the others.
Inspired by the above work, in this paper, we compare the rate of convergence of Mann, Ishikawa and Noor iterations under the same computation cost and come to a different conclusion with Phuengrattana and Suantai [] . We also present a numerical example for Ishikawa and Noor iterations, which verifies our theoretical results.
Convergence theorem
In this section, we present a new necessary and sufficient condition for the convergence of SP-iteration (.), which relaxes the control condition presented by Phuengrattana and Suantai [] . Phuengrattana and Suantai [] proposed the following necessary and sufficient condition for the convergence of SP-iteration (.) of continuous functions on an arbitrary interval. 
Proposition . Let E be a closed interval on the real line and let f
Consider the following three-step Mann iteration:
So, one-step SP-iteration is exactly three-step Mann iteration. 
Theorem . Let E be a closed interval on the real line and let f
We divide the proof into three steps.
Step . By conditions (i)-(ii), it is obvious that {λ n } ∞ n= satisfies lim n→∞ λ n =  and
converges to a fixed point of f .
Step . Since
On the other hand, assume that {x n } ∞ n= is bounded, then {x n } ∞ n= belongs to a bounded closed interval. By the continuity of f , we have that {f (x n )} ∞ n= belongs to another bounded closed interval, and thus {f (
Step . Since {x n } ∞ n= is a subsequence of {v n } ∞ n= , so {x n } ∞ n= converges to a fixed point of f if {v n } ∞ n= converges to a fixed point of f . On the other hand, assume that {x n } ∞ n= converges to a fixed point p of f , then {x n } ∞ n= is bounded. From Step , it follows that {f (
. By the condition (ii), we get |z n -x n | →  and |y n -z n | → , so {z n } Remark . In above Proposition ., Phuengrattana and Suantai [] compared the rate of convergence of Mann, Ishikawa, Noor iterations and SP-iteration and drew the conclusion that SP-iteration is better than other iterations, Noor iteration is better than Ishikawa iteration and Ishikawa iteration is better than Mann iteration. However, we know from Remark . that one-step SP-iteration is three-step Mann iteration. Clearly, the computation cost of one-step Ishikawa iteration and one-step Noor iteration equals to that of two-step Mann iteration and three-step Mann iteration, respectively. So, it seems to be more reasonable to compare the rate of convergence of Mann, Ishikawa and Noor iterations under the same computation cost. In this sense, from Proposition .(iii), Mann iteration is better than Ishikawa and Noor iterations.
Proposition . Let E be a closed interval on the real line and f : E → E be a continuous and nondecreasing function such that F(f ) is nonempty and bounded. For u
Next we compare the rate of convergence of Ishikawa and Noor iterations under the same computation cost. For purposes of comparison, we firstly define two iterations. http://www.journalofinequalitiesandapplications.com/content/2013/1/269 Remark . It should be noted that IshikawaIII and NoorII iterations are not new iterations and we introduce them just for comparing the rate of convergence of Ishikawa and Noor iterations under the same computation cost.
Three-step Ishikawa iteration (denoted by IshikawaIII iteration) is defined by g  ∈ E and
Before proceeding with the main result, we present three lemmas (see Lemmas ., . and . below). We first need to recall a lemma, which is used in the proof of Lemma ..
Lemma . [] Let E be a closed interval on the real line and let f : E → E be a continuous and nondecreasing function. Let {α
and {w n } ∞ n= be defined by (.) and (.), respectively. Then the following hold: 
Proof Since IshikawaIII (resp. NoorII) iteration is three-step Ishikawa (resp. two-step 
Proof The sequence {g n } ∞ n= (resp. {h n } ∞ n= ) can be considered as a subsequence of {s n } ∞ n= (resp. {w n } ∞ n= ), since IshikawaIII (resp. NoorII) iteration is three-step Ishikawa (resp. twostep Noor) iteration. So, Lemma . follows from Lemma ..
For comparing the rate of convergence of Ishikawa and Noor iterations, here we make the following assumption:
for all n ≥ . 
Lemma . Let E be a closed interval on the real line and let f : E → E be a continuous and nondecreasing function. Let {ρ
Proof (i) We use mathematical induction. Firstly, it holds
Combining with (.), we have
By induction, we get g n ≤ h n for all n ≥ .
(ii) Following the line of (i), we can show that g n ≤ h n for all n ≥ . Put L = inf{p ∈ E : p = f (p)} and U = sup{p ∈ E : p = f (p)}. We divide our proof into the following three cases:
Case : g  = h  > U, Case :
, we get f (g  ) < g  and f (h  ) < h  . Using Lemma .(i), we obtain g n ≤ h n for all n ≥ . Following the line of the proof of Theorem . in [], we have U ≤ g n for all n ≥ . Then we get  ≤ g n -p ≤ h n -p, and thus |g n -p| ≤ |h n -p| for all n ≥ .
(.)
We can see that IshikawaIII iteration {g n } ∞ n= is better than NoorII iteration {h n } ∞ n= . Case : g  = h  < L. By Proposition . in [], we get f (g  ) > g  and f (h  ) > h  . Using Lemma .(ii), we obtain g n ≥ h n for all n ≥ . Following the line of the proof of Theorem . in [], we have g n ≤ L for all n ≥ . Then we get h n -p ≤ g n -p ≤ , and thus |g n -p| ≤ |h n -p| for all n ≥ .
(.)
We can see that IshikawaIII iteration {g n } ∞ n= is better than NoorII iteration {h n } ∞ n= . Case : L ≤ g  = h  ≤ U. Suppose that f (g  ) = g  . If f (g  ) < g  , we have by Lemma .(i) that {g n } ∞ n= is nonincreasing with limit p. By Lemma .(i), we get p ≤ g n ≤ h n for all n ≥ .
